Objectives: Current prophylactic interventions fail to completely eliminate postoperative nausea and vomiting (PONV) for a substantial number of patients. A new antiemetic (aprepitant) has been effective in preventing chemotherapy induced nausea and vomiting (CINV). We hypothesized that adding aprepitant to our current prophylactic regimen of dexamethasone and ondansetron would reduce the incidence of PONV in our elective hysterectomy population. Methods: 256 patients undergoing elective hysterectomy were enrolled in this prospective, randomized, double blinded, placebo controlled trial. Subjects received either oral aprepitant 40 mg or oral placebo 30 minutes prior to induction of standardized anesthesia. The primary outcome was vomiting within the first 24 hours after surgery. Postoperative nausea, vomiting, and use of rescue antiemetics were documented over a 24 h period. Additionally, adverse events, hospitalization days, and readmissions for PONV were compared. Results: There was a trend towards reduction of postoperative nausea and vomiting in the aprepitant group. Nausea and vomiting were noted for 24% and 17% of women in the aprepitant group versus 38% and 29% of women in the Placebo group, respectively. Supplemental antiemetic medication was used by 42% of women in the aprepitant group versus 60% of women in the Placebo group. No adverse events were substantially more common in the * Corresponding author.
Introduction
Postoperative nausea and vomiting (PONV) is defined as nausea or vomiting within 24 hours of surgery. It is the most frequent side effect after anesthesia, occurring in approximately 30% of unselected patients, and can be increased up to 70% in certain populations and procedures [1] . Intraabdominal surgery, gynecologic surgery, and prolonged duration of anesthesia are risk factors for experiencing PONV. Moreover, the incidence in females is estimated to be three times greater than males [2] . Despite screening and routine prophylaxis of patients at high risk for PONV, current prophylactic interventions fail to completely eliminate PONV for a substantial number of patients, leading to dehydration, electrolyte imbalance, prolonged hospitalizations, multiple doses of rescue medications, and readmissions to the hospital [3] .
The pathophysiology of PONV is complex and multifactorial with several different receptors and stimuli contributing to the process. At least 7 neurotransmitter types have been identified in the mechanism of PONV, including serotonin, dopamine, muscarine, acetylcholine, neurokinin-1, histamine, and opioids [2] . The role of "substance P" in eliciting PONV is of particular interest as it is the most abundant neurokinin found in the central and peripheral nervous system [4] . The release of substance P is thought to be triggered by input from both the gut and the area postrema of the brain. The substrate then activates the neurokinin-1 (NK-1) receptors in the nucleus tractus solitaries, which in turn transmits the signal for a vomiting response [5] .
Aprepitant (Emend) is the first neurokin-1-receptor antagonist in a new class of antiemetics, which has already demonstrated powerful additive effects when combined with dexamethasone and a 5-HT3 to prevent both acute and delayed chemotherapy-induced nausea and vomiting (CINV) [4] - [12] . Early studies have also suggested that it may be useful in the prevention of postoperative nausea and vomiting (PONV) [13] . We hypothesized that adding aprepitant to the current prophylactic measures of dexamethasone and ondansetron would reduce the incidence of PONV in our elective hysterectomy population.
Materials and Methods
This study was designed as a single-center prospective, randomized, double blind, placebo controlled trial comparing aprepitant to placebo in eligible patients. The patients recruited for this study consisted of adult gynecologic patients undergoing inpatient elective hysterectomy surgery. Eligible participants signed written informed consents and met all the following criteria: female greater than 18 years old, fluent in English language, scheduled for inpatient elective hysterectomy requiring general anesthesia of at least 30 minutes duration, and classified as Class I, II or III according to the American Society of Anesthesiologists (ASA) physical status classification system. Patient did not qualify for the study if they had a positive urine or serum pregnancy test done within seven days of study was positive; were currently breastfeeding; were undergoing concomitant bowel surgery other than appendectomy; had a known hypersensitivity to the study medication (aprepitant) or to any of the antiemetic rescue medications (odansetron, hydroxyzine, or promethazine), had a level of preoperative nausea of >4 on the Visual Rating Scale (VRS); had severe hepatic insufficiency as determined by a Child-Pugh score > 9 or any condition which impaired the patient's ability to complete study assessments; were currenting taking Rifampin, cabemazepine, and pheyntoin and other drugs which strongly induce CYP3A4 activity; had used antiemetics within 12 hours prior to surgery; had a history of clinically significant abuse of substances (alcohol, illicit, or prescribed medications) such that the patient was unable to provide informed consent or reliably complete any of the study assessments; or had a history of a psychiatric illness that may impair the patient's ability to provide informed consent or complete any of the study assessments.
Patients undergoing elective hysterectomy were enrolled at the time of their preoperative visit. Participants were allocated to aprepitant or placebo treatment arms at random in a one-to-one ratio. A computerized random number generator was used to create the treatment allocation schedule, which was stored by the pharmacy.
Subjects received either oral aprepitant 40 mg or oral placebo approximately 30 minutes prior to induction of standardized anesthesia (which included dexamethasone and ondansetron, propofol induction, and inhalation maintenance with opioids as needed for pain control). The primary outcome measure was whether vomiting occurred within the first 24 hours after surgery. Postoperative nausea (assessed with a Visual Rating Scale (VRS)), vomiting, and use of rescue antiemetic therapy were documented over a 24 h period. Additionally, adverse events, hospitalization days, and readmissions for PONV were compared.
The incidence of vomiting in the aprepitant group was compared to the Placebo group. Statistical significance was calculated using the Pearson chi-square test. A sample of 400 women was planned. A sample of 200 patients per group would have 80% power (α = 0.05) if the incidence of vomiting were 10% for aprepitant treatment versus 20% for placebo treatment. The incidence of other outcome events was compared by using the Pearson chi-square test or Fisher exact test.
Anesthesia regimens were standardized for all patients participating in this study as follows: Rescue antiemetics required in the PACU were at the discretion of the anesthesiologist caring for the patient. Postoperative pain control methods were at the discretion of the provider.
Results
Enrollment began July 2007 and was stopped October 2011 due to slow accrual. There were 125 women allocated to receive aprepitant treatment and 131 allocated to receive placebo treatment ( Table 1 ). The number of women who were excluded during screening and the number who declined consent to participate were not recorded. Six women allocated to aprepitant and 9 women allocated to placebo were excluded during surgery. The primary outcome measure was recorded for 35 women in the Aprepitant group and 59 women in the Placebo group. Adverse events within 6 weeks after surgery were recorded for 34 women in the Aprepitant group and 37 women in the Placebo group.
Baseline characteristics are summarized in Table 2 . Mean age was 56 years, and the mean duration of surgery was 160 minutes.
Vomiting within 24 hours after surgery was noted for 17% of women in the Aprepitant group versus 29% of women in the Placebo group (Table 3) . Supplemental antinausea medication was used by 42% of women in the Aprepitant group versus 60% of women in the Placebo group. No adverse events were substantially more common in the Aprepitant group than the Placebo group ( Table 4) . Outcome data were missing for a large proportion of the sample. In addition, the proportion of missing data was higher in the Aprepitant group than in the Placebo group. The results, therefore, might have been influenced by selection bias. 
Discussion
Despite advances in the treatment and prevention of PONV, this problem continues to affect timely surgical recovery for many patients. PONV not only diminishes quality of life for patients, but also increases health care system costs and postoperative morbidity. The risk for PONV is influenced by individual patient susceptibility, surgery, and anesthetic factors. Patients at risk for PONV include: females, those with history of PONV or motion sickness, use of postoperative opioids, nonsmokers, and those undergoing certain surgeries (gynecologic, neurologic, and intraabdominal).
In an effort to reduce PONV in these high risk groups, prophylactic antiemetic regimens have been evaluated. Commonly used agents include 5-HT3 antagonists, dexamethasone, droperidol, cyclizine, transdermal scopolamine, and metoclopramide. Numerous studies have demonstrated that combination therapy with drugs from different classes is more effective than single drug therapy.
Aprepitant is a first in class highly selective NK-1 receptor antagonist that can be administered orally (although an IV form also recently became available) preoperatively for PONV prophylaxis. Substance P is a neurokinin neurotransmitter that acts through the NK-1 receptor found in both peripheral and central nervous systems to induce nausea and vomiting. This class of drugs is widely used for CINV. Early evidence suggesting potential efficacy of the NK-1 receptor antagonists (using pilot drugs) as prophylaxis against PONV was noted in two studies of patients undergoing gynecologic surgery [14] [15] . Trials comparing the clinical utility of aprepitant versus ondansetron in open abdominal surgery also noted it to be an effective pharmacologic tool for the prevention of PONV [16] . Specifically, aprepitant was superior to ondansetron for prevention of vomiting at 24 and 48 hours post operatively, but similar to ondansetron in prevention of nausea control, use of rescue, or complete response (no vomiting and no rescue therapy).
Rather than comparing efficacies of ondansetron and aprepitant as in the previous phase III trial, we designed this study to reflect our need to improve upon PONV for a higher risk population of female patients undergoing hysterectomy by adding aprepitant to our standard inexpensive prophylactic measures of dexamethasone and ondansetron. A chart review of hysterectomies prior to this prospective study determined a baseline rate of emesis of approximately 20% in the first 24 hours postoperative, and increased to over 25% by 48 hours postoperative. Additionally, over half of our patients experienced difficulty with nausea postoperatively, leading to considerable use of rescue antiemetic therapies and a 5% prolonged hospitalization/readmission rate.
Although our current trial's numbers failed to reach significance, there did appear to be a trend towards reduction of PONV in our study population. Three other studies from Korea and Japan [17] - [19] have had similar results in PONV prophylaxis using aprepitant preoperatively prior to gynecologic laparoscopy, but not specifically hysterectomy. These trials compared doses ranging from 80 -125 mg delivered orally 2 -3 hours prior to surgery versus placebo. All three trials were able to demonstrate a statistically significant reduction in PONV both in the immediate (0 -2 h) and delayed (2 -24 h) postoperative periods. There was no clinical improvement based on the 80 mg versus 125 mg dose. Possible explanation as to why a statistically significant difference was observed in these studies and not in ours include: First, all 3 of these studies used a higher dose of aprepitant (80 mg) compared to our trial (40 mg). This higher dose may explain why the incidence of vomiting was remarkably lower (0% -4% over 24 h) in these trials' study groups compared to our study group (17%). Second, in our study we administered ondansetron and dexamethasone preemptively in both the treatment and placebo groups, possibly blunting the impact of the study drug.
Conclusion
In conclusion, combination of antiemetic agents in the prophylaxis of PONV is the most effective strategy in highest risk patients. The preemptive use of NK-1 receptor antagonists may be valuable in the armamentarium of prophylactic antiemetics to decrease the incidence of PONV in patients as it is mechanistically different from other antiemetic agents. This study suggested a trend towards reduction of PONV in elective hysterectomy patients with the addition of a 40 mg preoperative prophylactic dose of aprepitant. However, further studies are necessary to confirm these findings and identify the correct dosage for PONV in gynecologic surgery as our numbers were not able to reach statistical significance.
